Abstract. Spectral classes, absolute magnitudes, interstellar reddening, extinction and distances for 76 stars down to 12.5 mag are determined in one of the darkest areas of the Coalsack by means of their photoelectric photometry in the Vilnius system. A plot of interstellar extinction against distance in the area confirms that the Coalsack is close to 200 pc distant. A number of highly reddened stars with Ay up to 5.6 mag are present within the distances of the Coalsack and the expected location of the Sagittarius-Carina spiral arm. Additionally to the Coalsack, some of these stars may be reddened by a suspected dust cloud at a distance of 400 pc. A group of six highly reddened B giants and supergiants at distances larger than 1.4 kpc probably is related with the Sagittarius-Carina spiral arm.
Introduction
The area of the Coalsack dark cloud recently was an attractive region for a number of spectroscopic and photometric studies. First, we should mention a compilative catalogue by Marraco and Orsatti (1982) containing 770 OB and high luminosity stars in the vicinity of the Coalsack at longitudes 300° -308° and latitudes |6| < 10°. Most of these stars are well behind the Coalsack, which in most recent publications is found to be at a distance of about 180 pc. The catalogue contains spectral types and UBV photometric data available from the literature. All HD stars in the area have been reclassified in the MK system by Hauck and Cowley (1975) . A part of the Coalsack is covered by a one-dimensional spectral survey down to m pg = 12 mag in Kapteyn Selected Area No. 194 by Becker (1938) . Stars down to V = 11 mag in the area have been classified in the Henry Draper Extension Catalogue (Cannon and Mayall 1949) .
Recent photometric surveys include UBV(3 photometry by Westerlund and Gamier (1989) and Seidensticker (1989) and uvby/3 photometry by Franco (1989a) . In all these investigations the sky area covered by photometric observations is considerably larger than the traditional boundaries of the Coalsack. The photometric data were used for a revision of the distance to the Coalsack, for the estimation of extinction in different parts of the dark cloud and for the evaluation of the galactic structure features behind the cloud (Seidensticker and Schmidt-Kaler 1989; Franco 1989b) . The earlier study of interstellar extinction made by Rodgers (1960) has lost its significance as it is based on photographic UBV photometry without the determination of luminosities of the stars.
Since the main attention by investigators has been given to earlytype stars, the medium and late-type stars in the cloud area remain not classified and not investigated photometrically. It would be interesting to find among them the objects which belong to the dark cloud complex. We must bear in mind that a special search of Ha emission stars by UBV I photometry (Weaver 1974) has not detected any T Tauri-type population in the cloud.
To have better understanding of stellar population in the direction of the Coalsack, we have undertaken the present photometric investigation of all stars down to V ~ 12.5 mag in one of the darkest areas of the cloud, limited by the 1950.0 coordinates: a between 12 h 51 m and 13 h 01™5, 8 between -60°43' and -61°46'. The area is very close to the galactic equator: its galactic latitude is between +0?9 and +1?8 at galactic longitude between 303?0 and 304?7. Our area almost coincides with Area I investigated by Rodgers (1960) . For photometry, we have used the seven-color Vilnius photometric system which gives a possibility of a completely photometric determination of spectral classes, absolute magnitudes, interstellar reddening, extinction and distances of stars (Straizys 1977 (Straizys , 1992a . The mean wavelengths and halfwidths of the passbands of the system are given in Table 1 . 
Observations and reductions
Photometric observations of 76 stars, identified in Fig. 1 , were obtained by two of us (J.J. Claria and A.E. Piatti) on April 24-27, 1993 with the 1-meter telescope of the Cerro Tololo Inter-American Observatory. A set of standard filters of the Vilnius system was used. Most of the program stars were measured through a circular diaphragm of 14". In a few cases, however, a smaller diaphragm of 10" was used to separate close binaries. The star HD 113780 in Centaurus (GO V, V = 8.80), which is at about 5° from the investigated area, was used as a standard star. For reduction of magnitudes and color indices outside the atmosphere, a new method combining the Bouguer lines with the atmospheric transmission curve has been used (Zdanavicius 1994) . For determination of the color equations between color indices of the instrumental and the standard systems, the stars selected from the Vilnius equatorial standards were used. The reductions outside the atmosphere and to the standard system have been done by A. Kazlauskas.
The results of the photometry are given in Table 2 . Not all stars have been observed with sufficient accuracy. One can see that 45% of the stars were observed only once, 45% of the stars were observed twice and only 10% of the stars were observed three times. There was no way to obtain more observations, since the remaining two nights, from the five nights allocated to the program, were cloudy. The accuracy of the average values of color indices for the • stars observed twice or more is of the order of ±0.01 to ±0.02 mag (r.m.s. error of the average). Some late-type stars were observed for a too short time in the ultraviolet passbands, and due to insufficient photon statistics the errors of their color indices exceed ±0.05 mag. Such stars in Table 2 are given without U-P and P-X indices. In the cases when the a of a color index is > 0.03 mag, it is marked by a colon.
Two-dimensional classification, extinction and distances
For two-dimensional classification of stars, three methods have been applied:
(1) the reddening-free diagrams QUPY, QPYV', QUPY, QXYV] QUXY, QUPYV', QUPY , Qxzs and Qxzs, QXYZ calibrated in terms of spectral classes and absolute magnitudes (Straizys et al. 1982) ;
(2) the OQ method based on matching often different reddeningfree Q-parameters of a program star to those of about 7000 standard stars representing different spectral and luminosity classes (the classification program is by A. Kazlauskas);
(3) the semi-automatic classification with the program CLASS (Vansevicius and Bridzius 1994) which gives the position of a program star in the My versus spectral class diagram by optimum matching of the color indices of a program star to the color indices of the standard cells, with steps of one spectral subclass and 0.1 mag in My, reddened by different amounts with the interstellar reddening law.
All three methods usually give similar spectral classes and absolute magnitudes. For the stars observed with an accuracy of ±0.01 mag, the differences usually do not exceed one spectral subclass and 0.5 mag in My. The absolute magnitudes My given in this paper are based on method (1), except those for the B0-B2 stars for which method (3) seems to give the better results. For the recognition of M-type giants, we have used the QYSYV parameter: it is <0.12 for K-type stars and >0.13 for M-type stars.
Color excesses Ey-v, interstellar extinction Ay and distances r of stars given in Table 3 were determined in the usual way:
where (Y-V)Q are the intrinsic color indices of different spectral and luminosity classes taken from Straizys (1992) . The coefficient 4.5 in (2) corresponds to the normal interstellar extinction law, giving R = Ay I EB-V = 3.15 for early-type stars. Our use of the normal extinction law is based on the absence of evidence for its peculiarity in the area. Actually, such investigations have not been made so far.
The expected errors are: ±0.04 mag for Ey-v, ±0.1 mag for Ay and ±30 % for the distance. These errors are somewhat larger than those which we expect in the Vilnius system with the ±0.01 mag accuracy of color indices. The values of the distances at r > 200 pc given in Table 3 52. Klare and Neckel (1977) give B1 V from the UBV/3 photometry.
55. Binary, sep. about 6". The brighter northern component has been measured. 56. Observations of the star on two different nights agree very well. However, the classification is very uncertain. If the star indeed is of spectral class B3, its interstellar reddening seems to be the largest among the (Westerlund and Garnier 1989) , B0.5 Ib-II (Klare and Neckel 1977) . ** a means the standard deviations of Q-parameters between the program star and the comparison star in the <tq method or the standard deviations of color indices between the program star and the closest cell of the My, Sp diagram in the CLASS program. Usually both these a are close to each other and are a measure of the accuracy of the photometric classification. When a is of the order of ±0.01 mag, the classification is considered as of very good quality. In the case of the classification of low accuracy, a values are not given and the spectral type in column 2 is marked by a colon (preceding the spectral type).
Comparison of photometric and spectroscopic classification
27 stars in the area observed and classified in this paper, have their spectral type estimations made spectroscopically. These stars are listed in Table 4 together with their photometric and spectroscopic types.
A reasonable coincidence of photometric and MK types is evident. As a rule, the difference in spectral class for B-type stars is not larger than one subclass. Sometimes, different MK classifications differ as much as this. The differences in luminosity classes in some cases are more considerable. We must remember that the region of O-BO-Bl subclasses is the most difficult for classification in luminosities photometrically, since color indices of all photometric systems become insensitive both to the temperatures and luminosities for the hottest stars. For the classification of B-type stars in the Vilnius system, we usually use the QJJPY IQPYV diagram. In it the isolines of different My converge with increasing temperature and, due to observational errors of the Q-parameters, the classification of the hottest stars becomes impossible. In this respect, the automatic CLASS method gives more realistic answers.
Stars of late spectral types are very scarce in the spectroscopic catalogues. In Table 4 , the only outstanding difference of spectral type is for HD 112245 for which we obtain G5 V and Hauck and Cowley (1975) give G8/K0 giant or subgiant. Our luminosity determination is based both on the QUPY , Qxzs diagram and on the CLASS program. 
Interstellar extinction
The interstellar extinction versus distance diagram for the area stars is shown in Fig. 2 . As expected, a sharp rise in extinction at about 200 pc, the dark cloud distance, is observed. Only two stars, HD 113152 (F2 V) and HD 112245 (G5 V), are foreground objects. Both stars are among the visually brightest and show low reddening.
All the remaining stars in the area are reddened by considerable amounts: their extinction values range from 0.7 to 5.6 mag. The lowest values of Ay (<1.0) are observed for the stars seen near the dark cloud edges. Such stars are Nos. 6, 39, 69, 70, 72, 73 and 74. The dark cloud population is also scarce. The radial extent of the cloud probably does not exceed its tangential diameter (about 5°, or 16 pc). Due to determination errors, the distances of the stars within the cloud are expected to have apparent values of 130 to 230 pc. Only two stars satisfy this distance range: No. 10 = HD 112295 (B9 V) and No. 34 (G1 V). Probably, there are many more stars in the dark cloud volume but all of them are beyond the limiting magnitude, being red and white dwarfs.
Thus, almost all the observed stars are background objects, visible through the dust screen of the Coalsack. All of them are absolutely bright stars: B and A stars near the main sequence, G-K-M giants and subgiants and also supergiants of different spectral classes. However, due to the limiting magnitude effect and considerable interstellar reddening, their visibility is limited by the curves similar to those two shown in Fig. 2 . Both of them are calculated for My = 0 (B8 V and K5 III) but the lower one is for V = 12 mag and the upper one is for V = 13 mag. Above these curves, only the stars of higher luminosity, mostly giants and supergiants of the early B subclasses, are met.
It is important to answer, how the extinction for these distant and highly reddened stars is apportioned between the Coalsack and the background. There is an impression that the cloud gives rise to only about 2.5 mag of extinction. This conclusion is based on two arguments: (1) the absence of stars with Ay > 2.3 mag up to about 400 pc distance and (2) a distinct tendency for the majority of distant stars to concentrate at Ay between 1 and 2.5 mag. However, the predominance of this moderate extinction does not exclude the possibility of higher values of extinction appearing in the Coalsack. Tapia (1973) has detected several high extinction areas in the Coalsack which are similar to Bok globules. In such areas the extinction A group of highly reddened B giants and supergiants, Nos. 35, 43, 49, 65, 71 and 76, appears at r > 1.4 kpc and probably is related to the Sagittarius-Carina spiral arm. These stars may be reddened cumulatively by dust in the Coalsack, the supposed 400 pc cloud and the spiral arm.
Stellar population in the area
The surface density of stars in the investigated area is very low, this being related to the presence of dust shields at 200 pc and probably at 400 pc, which absorb from one to five mag in V. In some places (see the cited papers by Bok et al. and Jones et al.) , the extinction may be considerably higher. In these conditions, the magnitude-limited sample (V < 12 mag) should give some apparently bright foreground stars (only two G-dwarfs have been found), as well as more numerous stars of higher luminosity behind the cloud.
The My vs. spectral class diagram for the observed stars (Fig. 3 ) shows that most of the stars are brighter than absolute My = +1.5. Among them there are 29 K and M giants, 26 B-type stars of luminosity classes from V to lb and 13 A-F-type stars of luminosities V-IV-III. Unfortunately, this number of stars is not sufficient for the estimation of the stellar luminosity function or of the space density. For this, deep CCD observations in the Vilnius system would give valuable information. This method can extend the photometric classification of stars down to 17 mag (Boyle et al. 1990 , Smriglio et al. 1991 , Straizys 1992b . The photoelectric magnitudes and color indices from the present paper may serve as standards for CCD observations.
Conclusions
The following results have been obtained: 1. Photoelectric observations have been made of 76 stars of the Coalsack area in the Vilnius photometric system. 2. Photometric spectral classes, absolute magnitudes, interstellar extinction and distances have been determined for the majority of these stars.
3. The dependence of interstellar extinction on distance confirms the distance of the Coalsack dark cloud as being near 200 pc. The presence of another dark cloud at 400 pc is suspected.
4. Thirteen staxs were found to have Ay > 3 mag. The maximum value of interstellar extinction is found for the star No. 50 (LS 2875). These stars may be used in investigations of the interstellar extinction law in the Coalsack by means of infrared photometry and spectrophotometry.
